The maturation of respiratory system in children leads to changes in value of respiratory parameters like peak expiratory flow rate (PEFR), maximum inspiratory pressure (MIP), maximum expiratory pressure (MEP), and 6-minute walk distance (6MWD). Accurate analysis and clinical decisionmaking in disease state require reference values for different ages. The current study was undertaken to study pulmonary function and exercise capacity in children and adolescents.
INTRODUCTION
Chronic respiratory diseases, cardiovascular diseases, cancer, and diabetes are some of the most prevalent noncommunicable diseases in India. Out of which, 11.8% of total deaths is from chronic respiratory diseases. 1 Most of the Asian countries including India and China account for a huge burden in terms of absolute numbers of patients. 2 Respiratory infections have been found to be more prevalent among school going children. [3] [4] [5] [6] They may be more vulnerable to the effects of air pollution than adults owing to incomplete lung maturation at birth. Lungs do not complete their growth until full adult stature is achieved in adolescence. 7 In developing countries, these childhood respiratory diseases have significant adverse effects on the child's daily physical activities, schooling, family life, and finances. 8 In an era of evidence-based treatment, the methods are mainstay in the management of these debilitating conditions. The clinical evaluation prior to and during treatment helps in setting the clinical goal. Pulmonary function tests are an essential component for evaluating the lung functions. For undertaking these tests, a specialized laboratory is required. Moreover, these tests are time consuming and expensive. In order to overcome these impediments, clinical assessment tools like peak expiratory flow rate (PEFR), respiratory pressures, and 6-minute walk test (6MWT) are utilized to assess respiratory functions. The results obtained through these tools are simple, reliable, reproducible, and easily measurable.
Peak expiratory flow rate is a reliable bedside tool. It can be measured using a relatively inexpensive peak flow meter (PFM) and is of value in identifying and assessing the degree of air flow limitations. 9,10 A good correlation between PEFR and forced expiratory volume (FEV 1 ) has been observed. Peak expiratory flow rate is usually affected by variables, such as, age, height, weight, gender, race, and environmental conditions. 10 Racial variation in lung function parameters has been attributed to different size and shape of ribcage, respiratory muscle strength, and MGMJMS possibly parenchymal lung development. Peak expiratory flow rate values ranging from 144 to 516 L/minutes have been reported by various researchers. [11] [12] [13] [14] Evaluation of respiratory pressure quantifies respiratory muscle strength. Maximum inspiratory pressure (MIP) is a measure of inspiratory muscle strength. Maximum expiratory pressure (MEP) measures the strength of abdominal and intercostal muscles. [15] [16] [17] [18] [19] [20] Respiratory pressures have been studied in children with neuromuscular and pulmonary diseases, such as, asthma and cystic fibrosis, besides used in rehabilitation programs, weaning, and postoperative processes. 18 However, literature on healthy Indian children is very scarce.
Cardiopulmonary exercise testing forms an integral role in pulmonary rehabilitation. Six-minute walk test is a submaximal, self-paced, simple, objective, reliable, valid, sensitive, and a reproducible measurement of functional capacity. Its principal advantage is its operational simplicity, low cost, and its better correlation with activities of daily living. 21 It has been used in young children, for whom performing maximal cardiopulmonary exercise tests is problematic, requiring a high degree of coordination and motivation. [21] [22] [23] [24] [25] Adolescence is a period of intense change and ongoing growth of the respiratory system. Till date, whatsoever research studies have been undertaken, they have focused only on adult and pediatric population. But so far no study has been undertaken on transitional stage which goes often unobserved. Efforts have been made to explore the influence of adolescence on respiratory parameters.
MATERIALS AND METHODS
After seeking ethical clearance from Institutional Ethics Committee, 262 healthy children and adolescents aged between 9 and 15 years were recruited from MGM Primary and Secondary School, Nerul, Navi Mumbai. Parental informed consent was sought. Children were screened using health history questionnaire. Children with active illness, such as, fever, cold, cough, acute exacerbation of respiratory conditions, cardiac illness, congenital or acquired neuromuscular diseases, cognitive issues, psychiatric problems, metabolic, hepatic, renal dysfunctions, and recent surgeries were excluded. The sample studied was selected during the school timings as per their availability. Subjects were divided into two age groups -group A: Preadolescents (9-12 years) and group B: Early adolescent (13-15 years). The outcome measures evaluated were anthropometric measurements (weight in kg and height in cm), BMI (weight/height 2 ), PEFR (L/minutes), MIP (cm H 2 O), MEP (cm H 2 O), and 6MWD (m). Sitting hours were calculated based on total time spent in school, including nonparticipation in any extracurricular activities. To denote physical activity levels, physical activity rating (PAR) scale was used. In all tests, 262 children and adolescents participated. Each subject was given a prior practice test to ensure familiarity and to enable them to perform each test as per guidelines.
Peak expiratory flow rate was recorded using Mini-bell PFM (manufactured by Forumed Health care Products, Horts, 3 Street Pals 17256 Girona, Spain). Subjects were instructed to breathe and blow into the mouthpiece as quickly and as hard as he/she can. The best of three readings was recorded.
The respiratory pressure was recorded using a noninvasive Micro RPM (respiratory pressure meter) (Manufacturer: CareFusion Respiratory, 22745 Savi Ranch Pkwy, Yorba Linda, CA, USA) ( Fig. 1 ). To record MEP, the subjects were instructed to insert the mouthpiece into the mouth ensuring that the flange was positioned over the gums and inside the lips and that the "bite blocks" were between the teeth. They had to inhale to total lung capacity and then exhale with as much effort as possible through the controlled leak of the meter for at least 2 seconds. The reading displayed showed the maximum MEP over 1 second. To record MIP, the subjects were instructed to exhale to residual volume and then to inhale through the mouthpiece with as much effort as possible for at least 2 seconds. The reading displayed the maximum MIP that was sustained over 1 second.
Six-minute walking test was performed according to ATS guidelines. The subjects were asked to walk as far as possible for 6 minutes, but not to run or jog. They walked back and forth along a straight flat corridor of 30 m demarcated by cones. They were permitted to slow down, to stop, and rest as necessary. They were allowed to lean against the wall for resting and resume walking as soon as they were able to do so. Encouragement was given every minute using standard ATS phrases in an even tone. Subjects were asked to report symptoms like chest pain, intolerable dyspnea, dizziness, leg cramps which were additional test termination criteria. 21 Pulse and respiratory rate, blood pressure, and rate of perceived exertion using modified Borg scale were recorded before and after the test until they recovered to basal levels. Numbers of laps walked were recorded and 6MWD was calculated as follows: 6MWD = (Number of laps × 30) m.
RESULTS
Data was analyzed using Statistical Package for the Social Sciences (SPSS) 16 software. Normal distribution of data was analyzed using kurtosis-skewness test. The outcome variables were compared between the two groups. The statistical significance was assessed using Student's t-test. Pearson's test of correlation was used to analyze correlations between age, height, weight, and respiratory parameters. Details of demographic and clinical respiratory variables have been presented in Table 1 .
Early adolescent group demonstrated a higher MIP, MEP, and PEFR (p = 0.000) and lower 6MWD as compared to preadolescents ( Table 1) . Analysis of correlation coefficient with demographic features of age, height, and weight revealed that age had strong positive correlation with PEFR (r = 0.613, p = 0.000), MIP (r = 0.676, p = 0.000), and MEP (r = 0.658, p = 0.00), whereas it showed strong negative correlation with 6MWD (r = -0.605, p = 0.00) (Figs 2 to 5). Height showed a strong positive correlation with MEP (r = 0.720, p = 0.000) whereas strong negative correlation with 6MWD (r = -0.42, p = 0.00). Weight
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showed a weak negative correlation with 6MWD (r = -0.328, p = 0.00). According to Asian guidelines of BMI in children, 26 22 .10% subjects of early adolescent group were overweight compared to only 7.7% subjects of preadolescent group. Similarly, 1.05% subjects of early adolescent group were found to obese compared to 0.05% subjects of preadolescent group. Gender-wise comparison revealed that boys had higher PEFR (p = 0.008) and 6MWD (p = 0.000) as compared to girls in both groups. In addition, MIP (p = 0.459) and MEP (p = 0.440) were not significantly different between genders (Tables 2 and 3) .
DISCUSSION
Adolescence is characterized by a surge of growth hormones that leads to rise of all physiological functions. It is a transitional stage of physical and psychological human development that generally occurs during the period from puberty to adulthood. Average onset of puberty varies from 11 to 13 years in Indian children owing to variations in socioeconomic and nutritional status. [27] [28] [29] [30] Some of the most significant components of pubertal development involves distinctive physiological changes in individual's height, weight, body composition, circulatory, and respiratory systems. Hormonal influence triggers the behavioral and physical changes. During adolescent growth spurt, there is a rapid increase in the individual's height and weight resulting from the simultaneous release of growth hormones, thyroid hormones, and androgen. It has been studied that these effects were reflected in the results of commonly utilized pulmonary function tests. 31 Increased growth rate and pulmonary physiological development 32, 33 led to a 33% rise in PEFR in early adolescents compared to preadolescents. A strong positive correlation was observed with age (r = 0.613, p = 0.00). Peak expiratory flow rate was found to be higher in boys (223.50 ± 59.91 L/cm) as compared to girls (204.96 ± 51.44 L/cm), which was found to be statistically significant (p = 0.008). This may be attributed to larger lungs per unit of stature of boys than girls. Even though number of alveoli per unit volume and area is identical, alveoli is more in boys than girls resulting in higher lung function. Additionally, girls have been reported to have less strength due to greater amount of fat and less muscle mass, thus leading to lower PEFR. This effect may be exaggerated by increased levels of reproductive hormones on airway diameter at puberty. 34, 35 Early adolescents demonstrated 90.1% higher values of MIP and 55.4% higher values of MEP in comparison to preadolescents (Table 1) . Age correlated strongly with MIP (r = 0.676) and MEP (r = 0.658) (p = 0.00). Marly et al 18 attributed this effect to greater muscle area in older individuals. Supporting airway cartilage and small airway muscles is not developed until school age. The effect of compliant bony cartilage and ribs and the fact that younger children primarily use diaphragm and underdeveloped intercostals could contribute to lower respiratory pressures in preadolescents. The overall mean value for MIP and MEP was found to be 37.53 ± 20.71 cm H 2 O and 50.29 ± 19.90 cm H 2 O respectively. Compared to values reported previously, the current study recorded lower mean values for respiratory pressures. Geographical variations, different nutritional status, poor motivation in our subjects, and deliberate 19, 20 However, in our study the difference was statistically insignificant. Six-minute walk distance was found to be reduced in early adolescents compared to preadolescents (p = 0.000). It showed a strong negative correlation with age (r = -0.604) and height (r = -0.42), whereas a weak negative correlation with weight (r = -0.328). It is known that age, height, weight, and gender independently affects the 6MWD in healthy adults. 21 Increased weight must have escalated the workload for a given amount of exercise, probably resulting in shorter walking distance. 36 Almost 22.10% of the early adolescents were overweight compared to only 7.7% in the preadolescent group. This could be the probable reason for a lesser 6MWD as noted in them. Another reason for reduced endurance levels in early adolescents could be due to adoption of a sedentary lifestyle owing to higher academic stress and different leisure pursuits. This could be supported by increased sitting hours noted in the early adolescent group (p = 0.032). Factors, such as, motivation, attitude toward physical activity, and musculoskeletal pain might affect 6MWD. 21 These factors were beyond the scope of the study. The clinical tools were not included to measure specific motivation levels. Ulrich et al 37 have found the similar findings wherein 6MWD has been found to have increased until puberty and then has flattened. However, pubertal changes were not studied in depth and stands as a limitation. Distance covered by boys was significantly greater than girls (6MWD boys = 693.6 m ± 65.1, 6MWD girls = 649.52 m ± 105.01, p = 0.00) by 6.8%. The influence of gender on the distance walked might be attributed to the greater absolute muscle strength, muscle mass, and increased height of boys in comparison to girls. During adolescence, though there has been an increase in strength in both the genders, the percentage of body fat in boys remains the same, whereas the percentage of body fat in girls increases significantly contributing to lesser walk distance in girls. [23] [24] [25] The age at which the pubertal growth spurt occurs and the speeds with which adolescents experience puberty vary greatly and may affect physical activity. 9, [32] [33] [34] Growth of the respiratory system is an ongoing process and is said to be completed by the age of 10 to 11 years. A significant effect of adolescence on respiratory parameters has been observed. Early adolescents have demonstrated higher values of PEFR, MIP, and MEP than preadolescents, suggesting a scope for intervention to enhance respiratory functions at this age. However, 6MWD has been found to be reduced with age, most likely due to increased percentage of overweight in higher age group. This could be a likely indication for the inclusion of weight reduction program as a part of clinical management and goal setting for cardiopulmonary rehabilitation in clinical practice.
The findings of this study should be viewed in light of its limitations. The present study reveals that findings are based on a convenience sample recruited from a single school. It limits the generalization of its results. Absenteeism and unavailability of higher class students post school hours owing to busy study schedule could have led to unequal distribution of samples in both groups. Motivation levels could have influenced the results of a few tests. Assessing attitudes, behavior, and motivation scores have been beyond the scope of this study.
CONCLUSION
Exercise capacity measured by 6 Minute Walk Test was lower in early adolescents compared to pre-adolescents suggesting need for increased participation of early adolescents in physical activity. Respiratory muscle strength and PEFR was higher in early adolescents as compared to pre-adolescents indicating ongoing maturation of respiratory system.
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